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(54) MEASURING METHOD FOR FOCUSING POSITION 

(57)Abstract: 

PURPOSE: To measure a best focus of an image of 
a linear pattern elongated in all directions and to 
measure a curve of an image surface, an astigmatism 
mount, etc., by inclining the longitudinal direction of 
the pattern by a predetermined angle with respect to 
a direction for measuring a length. 
CONSTITUTION: An image of a pattern 1 formed on 
a mask is transfer-exposed on a photosensitive 
substrate through a projection optical system, and at 
least one focal point position in an image surface of 
the system is obtained based on the length of the 
image of the transferred pattern 1. In a method for 
measuring such a focal point position, the pattern 1 is 
linear in which the widths of lines are continuously or 
stepwisely varied, and the longitudinal direction of the pattern 1 is inclined by a 
predetermined angle 9 with respect to a direction for measuring a length. For example, the 
pattern 1 is formed by disposing a plurality of patterns at a predetermined pitch PO in a 
direction perpendicular to the longitudinal direction, and the pitch PO substantially 




coincides with the pitch of an original pattern to be transferred onto the substrate. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 

precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] In the focal location measuring method which carries out imprmt exposure of the image of 
the pattern formed on the mask on a sensitization substrate through projection optics, and asks for 
the focal location of at least one point within the image surface of said projection optics based on the 
die length of the image of said imprinted pattern It is the focal location measuring method which is 
the straight-line-like thing from which line breadth changes continuously [ said pattern ] or 
gradually, and is characterized by only the predetermined include angle inclining to the direction 
where the longitudinal direction of said pattern measures said die length. 

[Claim 2] It is the focal location measuring method according to claim 1 which two or more said 
patterns are arranged with a predetermined pitch in the direction which intersects perpendicularly 
with said longitudinal direction, and is characterized by this pitch being mostly in agreement with the 
pitch of the original pattem which should be imprinted on said sensitization substrate. 
[Claim 3] Said include angle toward which said pattem inclines is a focal location measuring method 
according to claim 1 characterized by responding in the direction of the pattem which should 
measure said best image formation side. 

[Claim 4] Said pattem is a focal location measuring method according to claim 1 characterized by 
being arranged in parallel and perpendicularly to the radiation direction to the field where said 
pattem exists from this zero by making into a zero the point which the optical axis of this optical 
system in the projection field of said projection optics passes. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention is for inspecting the precision of the projection mold aligner 
especially used for the lithography process for manufactures, such as a semiconductor device, about 
measurement of the best image formation location of projection optics. 
[0002] 

[Description of the Prior Art] Conventionally, there was the approach of measuring the magnitude of 
the pattem image which carried out projection exposure of the pattern of a predetermined 
configuration, and was formed on this sensitization substrate on the sensitization (changing focal 
location) substrate in two or more locations of the direction of an optical axis of projection optics, for 
example, the line breadth of a straight-line-like pattem, using a scanning electron microscope etc. in 
measurement of the best image formation location (best focus). This imprints on a substrate Rhine 
[ of 1 : 1 ] - and - tooth- space pattem which were arranged in the predetermined pitch, and measures 
the line breadth of the imprint image in two or more focal locations. And the rate of the line breadth 
change by focal change is calculated from the result. And it was asking for the focal location where 
line breadth change is the smallest as a best focus before and behind that. 
[0003] Moreover, the pattem image was formed on the sensitization substrate, changing a focal 
location using the photo mask with which Rhine - and - tooth-space pattem with two or more kinds 
of line breadth were prepared, the focal location which is resolving even the most detailed pattem 
was observed using the optical microscope etc., and the location was made into the best focus. 
Furthermore, there is also an approach which was indicated by JP, 1-1 878 17, A etc. This forms the 
pattem image 8 of a configuration as changed a focal location and shown in drawing 4 on a 
sensitization substrate, and measures die-length L of this pattem image using the alignment system 
of a configuration of scanning a light beam on a pattem and detecting the diffracted light from a 
pattem. And this die-length L asks for the focal location which becomes the longest as a best focus. 
[0004] 

[Problem(s) to be Solved by the Invention] Although the approach of measuring line breadth using 
the above-mentioned scanning electron microscope could measure the pattem line breadth of all 
directions with high precision, since it needed to exhaust equipment, it had the problem that 
measurement took time amount. Moreover, although it was possible to have observed whether the 
approach using an optical microscope is resolved about the pattem image of all directions, too, time 
amount is long and there was a trouble of being easy to generate the individual difference by the 
operator, this top. 

[0005] In the approach indicated by JP,1-187817,A etc., the best focus of the pattem image with 
which the longitudinal direction has been arranged in the direction parallel to the measurement 
direction of the die length of a pattem image could be measured, and the result has taken 
correspondence well with the best focus of the image of Rhine - prepared in the almost parallel 
almost same line breadth and pitch as the pattem image which measured die length, and - tooth- 
space pattem. In the above-mentioned approach, since alignment optical system is diverted as an 
example of the measurement means of die length, the measurement direction of the die length of a 
pattem image tums into the measurement direction of alignment optical system. That is, if the 
scanning directions of the light beam of alignment optical system are X and the direction of Y when 
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each axis of coordinates of the X-axis and a Y-axis is set up in an image formation side by making 
into a zero the point which the optical axis of projection optics passes, the measurement directions of 
a pattern are also X and the direction of Y. 

[0006] now, when the die length of for example, a partem image was measured, and it is going to ask 
for the best focus of the pattem and is going to measure the curvature of field and the amount of 
astigmatism of projection optics from the result, it is necessary to search for the difference of the best 
focus of the image (S image) of the sagittal direction of projection optics, and the best focus of the 
image (M image) of the meridional direction here In this case, since each longitudinal direction of 
the pattem image of each above-mentioned axis of coordinates which exists in the field on a shaft 
mostly of that S image and M image corresponded with the measurement direction, it was 
convenient to measurement of the amount of aberration. However, even if it measures the die length 
of the pattem image whose longitudinal direction of the corresponded with the measurement 
direction in four comers in an exposure field, these pattem images receive in the sagittal direction 
and the meridional direction of projection optics, and 45 degrees also of gaps also incline, for 
example. That is, the best focus measured became the average thing of S image and M image, and 
the difference was not produced between two best focuses, but measurement of the amount of 
astigmatism was impossible. 

[0007] Moreover, when the pattem which inclined to the measurement direction of die length in the 
photo mask existed, the best focus of the image of this pattem was not able to be measured 
depending on measuring the conventional pattem image. This invention aims at enabling 
measurement of aberration, such as a curvature of field of projection optics, and the amount of 
astigmatism, from the best focus of a pattem image while it enables measurement of the best focus 
about the image of the straight-line-like pattem extended in all the directions. 
[0008] 

[Means for Solving the Problem] Imprint exposure of the image (1 , 4, 7) of the pattem formed on the 
mask (R) is carried out on a sensitization substrate (W) through projection optics (15). In the focal 
location measuring method which asks for the focal location of at least one point within the image 
surface of projection optics (15) based on the die length of the image (1, 4, 7) of the imprinted 
pattem A pattem (1 , 4, 7) is a straight-line-like thing from which line breadth changes continuously 
or gradually, and the longitudinal direction of a pattem (1, 4, 7) presupposed that only the 
predetermined include angle inclines it to the direction which measures die length. 
[0009] 

[Function] Since the longitudinal direction of the pattem image which is a candidate for 
measurement is leaned to a predetermined include angle to the measurement direction of the 
ahgnment system used for measurement of the die length of a pattem image in this invention, the 
best focus of the pattem image of the direction of arbitration is measurable. It becomes possible to 
measure the best focus of**** which arranges the pattem for measurement in the direction which 
balanced S image of projection optics, and M image especially, S image, and M image. 
[0010] 

[Example] Drawin g 5 is drawing showing the rough configuration of a suitable aligner to apply the 
approach by the 1st example of this invention. The light source 1 1 generates illumination light of 
wavelength (exposure wavelength) which exposes a resist, and this illumination light results in the 
2nd condenser lens 14 through a shutter 13, after passing along the 1st condenser lens 12. A photo 
mask (reticle) R is illuminated by homogeneity by this 2nd condenser lens 14. both sides or a single- 
sided tele cent - the mcksack projection optics 15 reduces the image of the pattem drawn on Reticle 
R to 1/5 or 1/10, and projects it on the sensitization substrate (wafer) W with which the image was 
applied to the resist. Wafer W is laid on Z stage 16, and is movable in the direction of an optical axis 
of projection optics 15. 

[001 1] Now, this aligner has various alignment optical system as equipment for performing 
alignment (alignment) of Reticle R and Wafer W. There is a laser step alignment system 20 of a TTL 
(through THE lens) method as one of them. This alignment system 20 irradiates spot light (sheet 
beam) through Mirrors 20a and 20b and projection optics 15 at the pattem for alignment (diffraction- 
grating pattem) formed on Wafer W, receives the diffracted light (or scattered light) from this 
pattem, and carries out photoelectrical detection. Based on this photoelectrical signal and the 
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position signal of the wafer W from non-illustrated location detection equipment, the location of the 
direction of Y of the pattern for the alignment on Wafer W is detected. In addition, the alignment 
system 20 is for detecting only the location of the direction of Y of Wafer W, and the alignment 
system for detecting the location of the direction of X in fact is arranged similarly. Only mirror 21a 
of the alignment system 21 for the direction detection of X corresponding to mirror 20a for the 
direction detection of Y is shown in drawing 5 . In the example of this invention, the straight-line- 
like pattern from which line breadth changes continuously or gradually is imprinted on a wafer with 
two or more focal locations, and the diffracted light from a pattern is detected using the above- 
mentioned alignment optical system. And the die length of a pattem is found from the photoelectrical 
signal by the diffracted light, and let the focal location where the die length of a pattem becomes the 
longest be the best focus of projection optics, 

[0012] Drawin g^ is drawing showing the configuration of the pattem which is the candidate for 
measurement of the image formation location measuring method by the 1st example of this 
invention, a reticle top - the die length of a longitudinal direction - LO it is - the pattem 1 of the 
rhombus whose crosswise die length is W - the cross direction - pitch PO the pattem group 2 which 
two or more arrangement is carried out and consists of the pattem 1 of these plurality - the same ~ 
the cross direction ~ mutual ~ spacing PI It is had and arranged. Furthermore, the straight line of 
each pattem 1 in these pattem group 2 to which only the include angle theta inclines to the direction 
which measures the die length of the pattem shown by the arrow head, and the longitudinal direction 
of the pattem connects the edge of each pattem 1 corresponds in the direction perpendicular to the 
measurement direction of die length mostly. On this reticle, it is line breadth WO. l:lline- and - 
tooth-space pattem 3 are a pitch PO. And only an include angle theta inclines to the measurement 
direction of die length like a pattem 1, and it arranges near the pattem group 2. However, this pattem 
3 is not used for measurement of the best focus using the scanning electron microscope which is the 
conventional measuring method, and does not serve as a configuration of this invention. Moreover, 
pattem group 2 comrade's spacing PI PO It considered as the integral multiple. 
[001 3] Here, the include angle theta which makes a pattem incline is explained a little. What is 
necessary is for the include angle which makes a pattem incline to be the location of the arbitration 
in the maximum exposure field of projection optics, and just to determine it as arbitration according 
to the direction which wants to measure a best focus. However, in measuring the astigmatism of 
projection optics, it determines in the following ways. The longitudin2il direction of the pattem which 
should be measured is arranged so that it may be mostly in agreement in the radiation direction (the 
sagittal direction) to the location where a pattem is arranged from the core in the maximum exposure 
field of projection optics centering on the location along which the optical axis of projection optics 
passes, and the direction (the meridional direction) perpendicular to the radiation direction. That is, 
the pattem in the location of the arbitration which wants to measure a best focus is S image and M 
image of projection optics. The amount of aberration should just search for the difference of the best 
focus location of this S image and M image. That is, the longitudinal direction of a pattem should 
just make theta parallel and an include angle which becomes perpendicular to the radiation direction 
from an optical axis whenever [ tilt-angle / of the pattem in this case ]. 

[0014] Since the pitch of Rhine - and - tooth-space pattem 3 and the pitch of a wedge pattem are 
made equal in the case of this invention, as for the direction (angle of diffraction) which the 
diffracted light generates, the case from which pattem also becomes equal. Therefore, also when 
aberration etc. remains in projection optics, there is an advantage that the effect of change of the best 
focus by aberration becomes almost equal also in which pattem, and the measurement error by 
aberration becomes small. Furthermore, the die length LO of a pattem 1 By lengthening, it is cross- 
section C<SUB>1 C2 to drawing 1 . The number of the pattems of a perpendicular direction 
increases to the longitudinal direction of the pattem 1 as shown, and if this number is the same 
number mostly with the number of Rhine - and - tooth-space pattems 3, it is effective in the attitude 
(an angle of diffraction, quantity of light ratio) of the diffracted light approaching a pattem 3. 
[0015] A development is exposed and carried out, changing a focal location on the wafer which 
applied POJIREJISUTO for the above pattem groups 2 on the silicon substrate. Then, it is the 
measurement lay length LI of the pattem 1 of each focal location with an approach as shown in JP,1- 
187817,A etc. It measures and is the die length LI of a pattem. It asks for the focal location used as 
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max by approximation, and let the focal location be a best focus. 

[0016] By the way, in case the die length of the pattern image exposed in each focal location is 
measured, the pattern image may have disappeared about that whose amount of gaps from a best 
focus is too large. In such a case, as a measurement error, there shall just be no information about the 
die length of the pattern image in the focal location. However, when the residue of a resist is on a 
substrate, a measurement system amplifies a signal according to it, and may be measured with a 
value longer than the die length of the pattern image on the wafer decided from the die length of the 
pattern on an original reticle. What is necessary is just to judge the measurement result to be invalid, 
when the die length of the pattern image on a wafer exceeds the predetermined value decided from 
the die length of the pattern on a reticle, in order to prevent this. Measurement lay length LI of the 
inclined pattern 1 as indicated to be measurement lay length L of the pattern 8 as shown in drawing 4 
to drawing_l at this time If you make it become equal, the maximum of the die length of a pattern 
can be arranged and it is convenient. 

[001 7] Although there was offset uniformly to the best focus of Rhine - which searched for the resuh 
of the above measurement by the approach that the best focus of a pattern 1 is the same, as compared 
with the case where the die length of Rhine - and - tooth-space pattern is measured, and - tooth- space 
pattern 3, dispersion in the offset was very small. This expresses that it is practically equal as the 
result of the best focus using the conventional scanning electron microscope etc., if it asks for a best 
focus by the measurement approach by this example, and also when it asks for astigmatism, a 
curvature of field, an image surface inclination, etc. based on the best focus for which it asked by the 
measurement approach by this example, the result means that an error is very small. 
[001 8] Drawing ^ is drawing showing the configuration of the pattern which is the candidate for 
measurement of the image formation location measurement approach by the 2nd example of this 
invention. For this pattern 4, the die length of a longitudinal direction is LO like the 1st example 
shown in drawin g 1 . It is a pitch PO about a rhombus pattern. More than one are arranged and only 
an include angle theta is leaned to the measurement direction of die length. However, the straight 
line which connects the edge of each pattern 4 of one pattern group is in agreement in the abnost 
perpendicular direction to the longitudinal direction of a pattern 4. In this case, if the cross section of 
a perpendicular direction is considered to the longitudinal direction of a pattern 4, in every location, 
it will become the diffraction grating of pitch regularity and number regularity. For this reason, 
compared with Rhine - and - tooth-space pattern 3 which are shown in drawing 1 , the attitude of the 
diffracted light becomes the same, and the measurement error of the best focus under the effect of 
the aberration of projection optics is very small. Moreover, also in this example, it is the same as that 
of the measurement approach by the 1st example. 

[0019] Although each pattern by the 1st and 2nd above-mentioned example shall be imprinted on a 
sensitization substrate by one exposure, the thing of a configuration of exposing in 2 steps so that it 
may state below is sufficient as it. Drawing 3 is drawing showing the modification of the 
configuration of the pattern which is the candidate for measurement of the image formation location 
measuring method by the 1st example of this invention. Although configurations, such as the die 
length and width of face of the pattern 7 shown in drawing 3 (C), and a pitch, and arrangement were 
completely the same as the pattern 1 shown in drawing 1 , when they imprinted a pattern on a 
sensitization substrate, they made the rectangle-like patterns 5 and 6 cross, and it was presupposed 
that it divides into 2 times and they are exposed. That is, as the pattern 5 first shown in drawing 3 
(A) is continuously exposed and shown in drawing 3 (B) on a sensitization substrate, a pattern 6 is 
exposed in piles to a pattern 5. Then, if the development of the sensitization substrate is carried out, 
the pattern 7 shown in drawing 3 (C) can be obtained. Moreover, the measurement approach of the 
die length of a pattern image is completely the same as that of the 1st above-mentioned example. In 
addition, it cannot be overemphasized that a pattern as shown in drawing 2 can also be imprinted by 
the above-mentioned approach. 

[0020] The pattern 1 of the 1st above-mentioned example has the perpendicular direction of the 
straight line which connects the tip of the longitudinal direction of each pattern to the measurement 
direction of die length. That is, since the pattern 1 is arranged in the predetermined pitch also in 
which location of a cross section perpendicular to the measurement direction, it is easy to come out 
of a signal in case die length is measured. On the other hand, in case the pattern 4 of the 2nd example 
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makes an image on a wafer, it has the description of being hard to be influenced of the spherical 
aberration of projection optics. If it forms in 2 steps like the pattern 7 shown especially in drawing 
3 , since it will be composition with the pattern for circuit formation, the isomorphism-like pattern 5, 
and a pattern 6, the effect of spherical aberration is the same and it becomes vmnecessary to take into 
consideration. 

[0021] Although the die length of a pattern was measured in the above example using the alignment 
system which scans a light beam on a pattern, you may make it measure the die length of a pattern 
by not being limited to this, for example, processing the picture signal from image sensors, such as 
ITV. Moreover, the pattem image on a resist may be a latent image. In addition, a pattern image is 
recorded on a magneto-optic-recording medium, the image is observed by the observation system 
containing a polarization microscope etc., an image processing etc. is performed, the die length of an 
image may be measured, or a pattem image may be projected on image sensors, such as CCD, and 
the die length of an image may be measured by the pixel. 
[0022] 

[Effect of the Invention] Since a best focus is measurable about the pattem of the direction of 
arbitration as mentioned above according to this invention, also in case exposure using the reticle 
which has the pattem of the direction of slant to the measurement direction of the die length of a 
pattem is performed, a best focus can be measured easily. Moreover, it is convenient, although each 
best focus of the image of the sagittal direction of projection optics and the image of the meridional 
direction can measure with a sufficient precision and measures a curvature of field and astigmatism. 

[Translation done.] 
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